Effect of influenza hemagglutinin fusion peptide on lamellar/inverted phase transitions in dipalmitoleoylphosphatidylethanolamine: implications for membrane fusion mechanisms.
Low mole fractions of viral fusion peptides induce inverted cubic (Q(II)) phases in dipalmitoleoylphosphatidylethanolamine (DiPoPE), a lipid with unsaturated acyl chains that normally forms inverted hexagonal phase (H(II)) above 43 degrees C. The ability to form a Q(II) phase is relevant to the study of membrane fusion: fusion occurs in liposomal systems under conditions where Q(II) phase precursors form, and fusion may be an obligatory step in the lamellar (L(alpha))/Q(II) phase transition. We used X-ray diffraction and time-resolved cryoelectron microscopy (TRC-TEM) to study the effects of the influenza hemagglutinin fusion peptide on the phase behavior and structure of DiPoPE. X-ray diffraction data show that at concentrations of 3-7 mol%, the fusion peptide (FP) induces formation of a Q(II) phase in preference to the H(II) phase. TRC-TEM data show that the FP acts at early stages in the phase transition (i.e. within seconds): at 2-7 mol%, FP decreases or inhibits formation of the L(alpha)/H(II) intermediate morphology observed via TRC-TEM in pure DiPoPE at the same temperature. Our X-ray diffraction data imply that FP either does not affect, or slightly increases, the spontaneous curvature of the host lipid (i.e. either does not affect or tends to destabilize inverted phases, respectively). FP may act in part by affecting the relative stability of two intermediate structures in the phase transition mechanism, as suggested previously. These results indicate a new way in which hydrophobic sequences of membrane proteins may be fusogenic.